Excellence were created to develop a coordinated approach to policy and practice engagement and knowledge exchange. The five Centres have developed their own models and practices for achieving these aims, which have not been compared in detail to date.
These findings suggest a need for more structural places where academics and health practitioners can come together to collaborate on research projects. In 2008, five UKCRC Public Health Research Centres of Excellence ('Centres') were created to develop a coordinated approach to improving the UK public health research environment. The Centres aim to build local and national research capacity in public health and to engage with policy and practice across the UK to increase the flow between evidence and practice. The five Centres have developed their own models for achieving these aims as appropriate to their own structures, missions and settings. Whilst there has been informal sharing of approaches across Centres, knowledge exchange practices have not been compared in detail to date.
This article compares knowledge exchange activities with policy makers between the Centres to identify and share good practices. The post holders of various roles, created within each centre to facilitate this process, reflect collectively on their strategies and experiences in knowledge exchange with policy makers, and the methods they have developed for capturing these activities. The article provides practical examples of different ways of working with policy makers, and discusses barriers and facilitators to engaging policy makers in their research.
To make sense of the different approaches highlighted in this article, we will use a framework 6 that distinguishes different knowledge exchange activities by focus and function, and add a third dimension to this, 7 which differentiates between various types of activities. We will briefly describe our case studies of good practice in knowledge exchange with policy makers. More details on each case study can be found in the text boxes. [1] [2] [3] [4] [5] Introducing a 3D framework for analysis
The notion that evidence and policy do not operate in one dimension is explored in the conceptual map developed by Saner 6 for the interface between science and policy. Saner argues that there are many different manifestations of the science/policy interface depending on where research is used within government (internally or externally) and for what purpose, with the latter based on a distinction between the Stop-function of evidence (directed at controlling products and processes) and the Go-function (producing novel ideas and products; see Fig. 1 ).
According to Saner, each position on these two dimensions is underpinned by different concepts, methods and perspectives on knowledge exchange. While this is a very basic classification scheme, it provides a first step for distinguishing different knowledge exchange activities by focus and function.
More detail to the classification scheme can be added through the work of Ward et al., 7 who used a mixed method realist evaluation of an embedded knowledge broker within three service delivery teams to identify five key themes within the knowledge exchange process. One of their themes makes a distinction between different knowledge exchange activities ranging from info management (e.g. gathering, sharing and packaging information), linkage (e.g. bringing people together, facilitating dialogue), capacity development (training, ensuring sustainability) and decision and implementation support (e.g. advising as a critical friend).
This adds a third dimension to our scheme, which could be roughly summarized as the type of knowledge exchange activities on a scale from relatively low to high engagement. This could also include the element of scalability, e.g. the number of potential evidence users that an activity can reach (a website can theoretically reach millions, but one person can only reach a few people at a time). We will apply these three dimensions (focus, function, type) to our five case studies presented below.
Comparing knowledge exchange practices between Centres
The Centre for Diet and Activity Research (CEDAR) is a partnership between the University of Cambridge, the University of East Anglia and MRC Units in Cambridge. Their case study (no. 1) is based on work with transport policymakers on active travel and demonstrates that effective knowledge exchange, like modifying the environment to support behaviour change, is in essence a complex intervention. Acknowledging that there is no single initiative sufficient to effect the necessary change, the centre worked on the premises of a system of interdependent interventions. Developing KE type "low engagement" KE type "high engagement" Fig. 1 A basic classification scheme for scientific activities in government (Saner 6 , with added third dimension on knowledge exchange type).
short evidence summaries with researchers in the centre allowed for easy and quick dissemination to policy bodies and also improved these researchers' knowledge exchange skills and provided them with calling cards to initiate relationships with policymakers for further collaborative research (see case study 1). Individual initiatives were often complex in themselves; for example, developing the evidence briefs took many iterations of approach and format, and pilot testing with non-academic audiences. These iterations are ongoing: with increasing demands on the attention of evidence users, more innovative approaches such as data visualizations have grown out of the standard text-based approach ( Fig. 2) 8-13
. If we consider, as the CEDAR case study suggests, knowledge exchange as a complex intervention, and therefore the needs for a diversity of activities that are linked to each other to create impact on policy and practice, what might this look like as a structural approach, and where do you start as a research centre? The case study from the Centre for Development and Evaluation of Complex Interventions for Public Health (DECIPHer) illustrates an approach to relationship building between academics and policymakers through structural integration of policy makers in the co-production of research (no. 2).
DECIPHer is a strategic partnership between Cardiff, Bristol and Swansea Universities. The centre set up the Public Health Improvement Research Network (PHIRN) in 2005 to link key public and third sector organizations in Wales with academic public health improvement researchers and beneficiaries to generate research questions, facilitate studies and promote evidence to practice. The most critical components of PHIRN's activities are Research Development Groups (RDGs), which enable the formation of collaborations to produce high quality grant applications. RDGs have been very successful in securing funding for collaborative research projects (Fig. 3) .
This systematic approach to networking for co-producing knowledge has also been adapted by the Centre of Excellence for Public Health Northern Ireland (CoENI). CoENI was established as a partnership with a broad range of non-academic stakeholders in the practitioner, policy making and third sector communities (across Ireland) and representatives from Queen's and Ulster University. CoENI has adapted DECIPHer's successful PHIRN model and established the Northern Ireland Public Health Research Network. Additionally, the centre was also keen to keep informed policymakers who were not represented on the network and thus have presented on multiple occasions at the Northern Ireland Assembly Knowledge Exchange Seminar Series (KESS; case study 3) (Fig. 4) .
Systems and structures are often not within the power of research groups to change, and other Centres have therefore adopted approaches focused instead on changing processes. The fourth case study by Fuse focuses not on structure, but on the brokering process between academics and policy and practice partners. To support this process, Fuse launched AskFuse: a rapid response and evaluation service to provide decision-makers with an easy-to-access portal for public health evidence in the North East of England. Although the service was designed to provide a simple portal to academic expertise, it tried to facilitate an iterative knowledge brokering process for formulating and refining the scope of research projects in collaboration with policy and practice Just as acƟve travel can be promoted by allowing for different transport modes within a single journey (walking, cycling, driving, public transport etc.), CEDAR has been moving acƟve travel evidence into policy realms using series of interdependent modes of delivery. The relaƟonship between these modes, and the opportuniƟes they create, can be as important as the individual acƟviƟes.
For instance, non-academic summaries -Evidence Briefs [8] , blogs, social and news media -not only allowed for easily scalable disseminaƟon, but have also given CEDAR a wealth of plain English resources to draw on when responding at short noƟce to legislaƟve bodies' calls for evidence. AcƟve travel submissions have been made to Parliamentary bodies, such as the House of Commons Health CommiƩee and House of Lords commiƩees on technology and the built environment [9] . The involvement of researchers in the producƟon of these materials helped build skills in conveying complex research in digesƟble forms, and the documents acted as 'calling cards' to iniƟate relaƟonships with policy customers.
Targeted communicaƟons, individual researcher legwork, and the brokerage of Cambridge's Centre for Science and Policy have all contributed to forging new relaƟonships with local and naƟonal transport policymakers. In turn these relaƟonships have created a ferƟle ground for ongoing collaboraƟons and co-producƟons, such as producing evidence insight for a local authority Joint Strategic Needs Assessment into transport and health, and an interacƟve online tool backed by the Department for Transport (DfT) to support planners in prioriƟsing cycling investment [10] .
Stakeholder events sustain these relaƟonships and provide addiƟonal opportuniƟes for knowledge flow back into academia. The CommuƟng and Health Research and Policy Forum brought together academics, policy and the third sector representaƟves to discuss research findings and their implicaƟons for health, planning and transport policy -and further research [11] . Closing the loop back into research, the Research and Policy Forum was used as an opportunity to conduct a research project to learn more about stakeholders' needs and the value of this kind of knowledge exchange [12] . The more organic development of knowledge exchange activities illustrated in the Fuse case study is also echoed in the case study from the UK Centre for Tobacco Control and Alcohol Studies (UKCTAS). Their case study describes an expanding range of knowledge activities that build on each other to produce significant changes in national policy development.
However, efforts to develop knowledge exchange activities organically were sometimes impeded by structural barriers, such as lack of communication resources and the geographical dispersion of research units within the centre (Fig. 6 PHIRN is supported by a Strategic Advisory Board, which idenƟfies partners and negoƟates partnerships, and a Partnership Board, which oversees the development of specialist methodological research capacity in pragmaƟc community based trials and knowledge exchange through mentoring and dedicated training courses.
Through networking acƟviƟes, such as research seminars on current policy and pracƟce issues and a twice monthly email bulleƟn on forthcoming collaboraƟve and funding opportuniƟes circulated to over 400 members, new research prioriƟes are explored and teams are idenƟfied of academic, policy and pracƟce representaƟves to take prioriƟes forward. The teams, also known as Research Development Groups (RDGs), develop these prioriƟes into high quality research project protocols.
PHIRN has developed a mature registraƟon process for new projects, requiring the compleƟon of a simple form, available online. The Partnership Board is responsible for reviewing the relevance of these applicaƟons to core PHIRN themes, and potenƟal ways in which PHIRN can support the project's progression. In more recent years, a Research Development and Ideas Group (RDIG) has been created, which co-ordinates the resources and capacity dedicated to each RDG.
Although RDGs are Ɵme limited, several have become embedded in wider structures. For example, the Schools Health Research Network (SHRN) is now integrated within the Welsh Network of Healthy Schools Schemes, so that front line innovaƟon is rouƟnely developed and evaluated through strategic planning. Another example is the Well-being and Health In Schools Project (WHISP). The project aims to improve the quality of life of the 40,000 residents, students aƩending the 23 schools and colleges, visitors and tourists to East Belfast and those who choose to work and invest there. Thus, the research team were cognisant of the need to keep local poliƟcians informed on the progress of the project. However, their busy schedule meant that it could be difficult to arrange meeƟngs to provide project updates. Fortunately, this barrier has been overcome by the PARC team having the opportunity to present at CCG's quarterly poliƟcian's breakfast meeƟngs, the Ɵming of which allows poliƟcians to aƩend before the working day begins.
The research team were also keen to keep informed policy makers who were not represented on the project team and thus have presented on mulƟple occasions at the Northern Ireland Assembly Knowledge Exchange Seminar Series (KESS). KESS is the first of its kind in the United Kingdom, formally partnering a legislaƟve arm of government -the Assembly -with academia. KESS has provided a forum for PARC researchers to present academic research findings to key parƟcipants and decision-makers in the policy sector in Northern Ireland, such as MLAs and Assembly commiƩees, as well as to the wider public. Part of the process of presenƟng at KESS is that academics must prepare a policy briefing on their work. This has helped PARC researchers to gain skills in wriƟng for policy makers and aided in the disseminaƟon process. i34 JOURNAL OF PUBLIC HEALTH response to the needs of local policymakers while operating within existing structures. Although the use of knowledge exchange activities in each case study is different, common approaches for linking activities can be identified using our extended model of Saner. 6 The model also helps to explore differences between the Centres. These similarities and differences are summed up in Table 1 on three dimensions (the function of the evidence used in knowledge exchange; the focus of this evidence; and the type of activities/scale applied to facilitate this process), and are further discussed below.
The first case study from CEDAR describes activities that shift their focus between internal and external audiences: internal academics learn new skills by developing nonacademic summaries and gain knowledge of the policy environment by directly engaging with external policy makers. These external relationships create opportunities for stakeholder feedback to internal audiences which can spark new Case study 4 Fuse "AskFuse, a responsive research and evaluaƟon service" Fuse, the Centre for TranslaƟonal Research in Public Health, is an innovaƟve collaboraƟon between the five UniversiƟes in the North East of England (Durham, Newcastle, Northumbria, Sunderland and Teesside). In June 2013, aŌer extensive consultaƟon with local stakeholders and partners, Fuse launched AskFuse: a rapid response and evaluaƟon service to provide decision makers and pracƟƟoners with an easy-to-access portal for public health evidence in the North East of England. The service aims to respond to a broad range of research requests from the health, well-being or social care sectors.
Examples of enquiries include requests for support with applying the exisƟng evidence base, queries about how to make best use of current data, or requests to undertake small service evaluaƟons. AskFuse draws on the experƟse of the Fuse colleagues most appropriate to the issue, and endeavours to work collaboraƟvely with partners throughout the process of addressing a specific issue, from idenƟfying the research quesƟons to applying the evidence to improve service delivery.
The post of AskFuse Research Manager was created to provide a single point of contact for all AskFuse enquiries and to coordinate this service for each client from start to finish. In an iniƟal conversaƟon, the partner's needs are explored; the nature and Ɵmescale of any further work is then agreed over a few meeƟngs (with no obligaƟon or fee), resulƟng in a research brief for researchers. The costs of any work agreed, and outputs, will be discussed at this stage. The Research Manager then liaises with Fuse senior invesƟgators and staff at the five universiƟes in the North East of England to idenƟfy capacity and skills to develop, commission, lead and undertake research projects.
Between June 2013 and February 2017 over 240 enquiries have been supported by the service resulƟng in more than 50 collaboraƟve research projects and various co-produced knowledge exchange events.
However, the knowledge brokering process facilitated by the service has not been without its challenges. For instance, considerable Ɵme is oŌen needed to turn enquiries into a format which is 'researchable', in part because of unreal expectaƟons. Secondly, local funding for agreed research projects was generally limited, while academic enthusiasm for supporƟng these projects was someƟmes dampened by a lack of insƟtuƟonal incenƟves to engage in knowledge exchange. Finally, developing AskFuse proved parƟcularly challenging in a Ɵme of significant system upheaval in the NHS. This also changed the types of evidence that were valued by enquirers, with more emphasis being put on implementaƟon advice from qualitaƟve or realist designs. 
Case study 5 UKCTAS "Building collaboraƟve relaƟonships with policy partners and charitable bodies"
The UK Centre for Tobacco Control and Alcohol Studies (UKCTAS), is a network of 13 universiƟes (12 in the UK, 1 in New Zealand) that conduct research teaching and policy work into the use of tobacco and alcohol. The core of the Centre's knowledge exchange acƟvity is its collaboraƟve relaƟonships with policy and charitable bodies, including Cancer Research UK, BriƟsh Heart FoundaƟon, Public Health England (PHE) and AcƟon on Smoking and Health. Outreach acƟviƟes include a smokers' panel, an alcohol discussion group and a dedicated teaching programme, which all assist in building capacity and guiding the Centre to produce scienƟfic and policy relevant research findings.
Many of these acƟviƟes were 'unintenƟonal consequences of research insƟgated by the centre. For instance, University of Noƫngham PhD student Leah Jayes measured levels of indoor parƟculate (PM 2.5 ) polluƟon in a sample of English prisons, and found extremely high levels of PM 2.5 in the prison indoor environments where smoking is allowed. The study also showed that prison staff had high levels of exposure during their working day and efforts to separate smokers and non-smokers did liƩle to protect staff from passive smoke exposure. The subsequent research report [13] has directly influenced the government's decision to implement a smoke-free policy across the prison sector in Wales and four prisons in England from December 2015, and it is highly likely this policy will be applied to all English prisons in 2016/17. Organic development of knowledge exchange acƟviƟes can be hampered by internal constraints. For example, the lack of a dedicated centre press office (non-UKCTAS funded university staff are used), limits the volume and quality of internal and external communicaƟon, and the wide geographical spacing of the network with separate university research groups also presents challenges in bringing staff together for engagement acƟviƟes. STRUCTURAL APPROACHES TO KNOWLEDGE EXCHANGE i35 research questions and projects. Therefore, CEDAR's activities highlight the fluidity of the Focus-dimension in our model, whereby knowledge exchange activities continuously move up and down this axis by purposefully linking different types of activities: information management (developing non-academic material), linkage (stakeholder engagement and events) and capacity development (training academics in translational writing and improving evidence use outside academia).
DECIPHer's case study presents more insight on the Gofunction of knowledge exchange by discussing RDGs. They bring together mixed teams of academics, policymakers and practitioners that identify and explore research priorities for a topic (usually through a free seminar or event). This momentum and enthusiasm is subsequently galvanized to develop collaborative research proposals for submission to suitable funding bodies and the delivery of these research projects in co-production with these teams, when successful. RDGs facilitate Saner's 6 Go-function by producing novel ideas and research products for both internal and external audiences. Moreover, external partners are internalized as they become part of the centre's operation through the RDGs. Initial linkage activities (bringing people together to set research priorities at an event) are developed into a temporary structure for decision making and implementation support (type).
Without the additional mechanisms that DECIPHer employ (including networking seminars and a strategic board), the RDG-strategy would only engage a selected group of policy makers. To address this potential limitation, the third case study from CoENI illustrates additional mechanisms for including a wider range of policy makers in the exchange process. These include presenting at the Northern Ireland Assembly Knowledge Exchange Seminar Series and through regular breakfast meetings with politicians who are not able to attend the more intensive RDG meetings. These mechanisms also help to strengthen relationships with other statutory bodies.
The fourth case study by Fuse presents a different approach, not by trying to alter the wider structure for knowledge exchange between academics and policymakers, but by focusing on the brokering process between these actors. Their AskFuse service facilitates a process that can take many different shapes and forms, which are often unclear when the brokerage process begins. AskFuse directly targets external audiences (function) by opening the door for policymakers and practitioners to academic expertise. During the brokering process, multiple types of activities are provided by the service, such as signposting to evidence reviews (info management); setting up meetings between policymakers and academics to explore needs (linkage); skills development through embedded research (capacity development); and providing advice on intervention development and evaluation (decision and implementation support).
These different activities are not necessarily linked, as is the case in the CEDAR case study, but can be stand-alone activities. However, experiences over time indicate that policymakers follow up initial enquiries about info sharing with further enquiries that aim to develop capacity or implementation support through conducting larger evaluation projects. This illustrates a more organic progression from one end of the typology axis to the other. This is also evident from the UKCTAS case: a range of knowledge activities are used and build on each other to produce significant changes in policy development. Initially, a PhD research project highlights a relevant policy issue: i36 JOURNAL OF PUBLIC HEALTH high levels of indoor pollution for both inmates and staff due to smoking, which is picked up by the UK Government through promotion on web and social media (info management). The generated evidence is debated in a specially set up smokers' panels that brings academics and policymakers together (linkage) and supports the implementation of a smokefree policy across the prison sector in Wales and England (decision and implementation support). Comparable to the Fuse case study, there is a natural progression of activities that build relationships and trust between academics and policymakers. In this case, evidence was used to control a problem (indoor pollution in prison). In sum, the five presented case studies share commonalities in the range of activities they use but illustrate different ways of linking these activities, ranging from strategic to organic approaches (and combinations of these, described by one centre director as 'strategic opportunism'); and varying in focus on a structure or process (RDGs and rapid response service) to a combination of structures and initiatives (forums, stakeholder events, placements).
The case studies emphasize that to build the long-term relationships necessary to move evidence into practice, it is important to link a range of activities that engage policy makers at different levels and at different points in their decision-making processes. This supports Saner's 6 argument for a diversity of approaches in knowledge exchange, ranging from media activity to relationship building, depending on local context: there is no single interface or a single key issue for collaboration between policy makers and public health academics. Moreover, activities must be linked in a way that makes it possible to capitalize on their outcomes within a strategy and encourage more structural approaches to knowledge exchange. 15 The case studies illustrate that this is a long-term process with its ups and downs: academics run into barriers, policymakers attempting evidence-informed policy are at the mercy of political and ideological decisions, plans and economics situations change. 16 However, engagement with these forces that act beyond academia facilitates the development of new relationships and ideas that will support impact. For example, in CEDAR's case, iterating the best form of evidence summary and exploring innovations such as data visualization.
That said, structural barriers remain: lack of local resources and limited institutional incentives to engage in knowledge exchange are ongoing challenges for each Centre, 5 while geographical spacing between research units and organizational differences between universities working together in a centre can also hamper knowledge exchange efforts (UKCTAS, Fuse).
Limitations of this study
The case studies are limited in scope and only provide brief insights into the approaches developed by each Centre, and therefore, do not to represent the full range of their activities or knowledge exchange strategies. However, the activities presented in the case studies provide an overview of the range of approaches practiced by the five Centres, allowing for a general comparison of similarities and differences in approaches.
Conclusions: structural approaches take more than a knowledge broker This paper emphasizes the importance of a range of interlinked activities that engage policymakers at different levels, intensities and points in their decision-making processes to build relationships. Comparing practices across the five UKCRC Public Health Research Centres of Excellence illustrates different models for developing structural approaches to knowledge exchanges, and highlights context-dependent challenges of resource, implementation and evaluation.
Although the need for structural approaches is increasingly recognized, with the growing salience of the 'impact' agenda throughout academia there is a risk that academics may rely on dedicated knowledge exchange roles to develop structural approaches for them within their institution to define, record and describe this impact for them. Instead, we argue that applying structural approaches to knowledge exchange requires more than just creating more roles for knowledge exchange professionals. While their presence may be necessary, it is not sufficient to ensure impact of research and runs the risk of compartmentalizing knowledge exchange as a specialist activity rather than a generalizable way of working. Capacity building in knowledge exchange skills throughout academic career pathways is essential to ensure ability and interest in collaborative research with policymakers. For a truly structural approach to knowledge exchange, it will be imperative that all researchers within academic institutions play an active part.
Developing structural approaches takes time and requires persistence from both academics and policymakers, which can be challenging given the short time span of policy cycles and lack of institutional incentives within academia. This might be achieved by starting small, developing limited projects into larger and longer-term collaborations, and by securing 'quick wins' early on, such as developing helpful evidence summaries. It will also take time to shift the priorities of research funders towards collaborative research with policymakers. This might be achieved through more extensive consultation about service needs when funder-led research agendas are being set. 15 Our article highlights that there is an interest in exploring structural models for knowledge exchange between academics and policymakers. As these models are mostly untested, more research will be needed to develop and evaluate them.
